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(57) ABSTRACT

A GaN-based LED includes a substrate; an epitaxial layer
over the substrate; a current spreading layer over a P-type
layer; and a P electrode over the current spreading layer. The
epitaxial layer includes the P-type layer, a light-emitting area,
and an N-type layer. An annular reflecting layer and a metal
reflecting layer are formed between the P electrode and the
epitaxial layer. The geometric center vertically corresponds
to the P electrode; the annular reflecting layer is formed
between the current spreading layer and the P-type layer; the
metal reflecting layer is formed between the current spread-
ing layer and the P electrode; and a preset distance is arranged
between the annular reflecting layer and the metal reflecting
layer. The annular reflecting layer and the metal reflecting
layer reduce light absorption of the P electrode and improve
light extraction efficiency.

20 Claims, 6 Drawing Sheets
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1
GAN-BASED LED

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application is a continuation of, and claims
priority to, PCT/CN2013/077608 filed on Jun. 21, 2013,
which claims priority to Chinese Patent Application No. CN
201210206025.8 filed on Jun. 21, 2012. The disclosures of
these applications are hereby incorporated by reference in
their entirety.

BACKGROUND

Existing blue and green LEDs adopt GaN-based III-V
component semiconductor material. Most light is transmitted
from the P-type layer due to small hole concentration of
P-GaN layer of the GaN-based LED epitaxial wafer and thin
P-type layer. P-type layer’s inevitable absorption of light
results in low LED chip external quantum efficiency and
greatly decreases the LED light-emitting efficiency. Adoption
of ITO layer as the current spreading layer can enhance the
transmittance. However, the LED voltage is high and shortens
the service life. In addition, under impressed voltage, the
LED service life is shortened due to uneven current diffusion,
which leads to large current density in some areas. In short,
the existing GaN-based LED has relatively low external
quantum efficiency (EQE) due to the non-uniform current
distribution and the electrode’s absorption of light reflected
on it.

Therefore, many studies are made on improving LED’s
light-emitting efficiency, mainly concerning such technolo-
gies as pattern substrate technology, distributed current
blocking layer (i.e., current blocking layer), distributed Bragg
reflector (DBR) structure, transparent substrate, surface
roughening, photonic crystal technology, etc.

Referring to FIG. 1, a conventional LED structure, com-
prising a substrate 100, a bottom-up-laminated N-type layer
101, a light-emitting area 102, a P-type layer 103, a metal
reflecting layer 104, a current spreading layer 105, a P elec-
trode 106 and an N electrode 107 on the exposed surface of
the N-type layer 101. The metal reflecting layer 104 (typi-
cally, Al or Ag material) reflects part of light emitted by the
light-emitting layer and extracts light sideways, as shown in
Light 1a. However, it may still be impossible or difficult for
some light exit from the side or above, as shown in Light 15,
making the light emitted from light-emitting layer not effi-
ciently extracted, resulting in loss of light and affecting the
light-emitting efficiency of the chip.

SUMMARY

The present disclosure relates to a GaN-based HBLED
with dual reflecting layers. A dual reflecting layer structure is
formed by adding an annular reflecting layer and a metal
reflecting layer between the LED epitaxial layer and the P
electrode, thus effectively extracting the light emitted from
the light-emitting layer, eliminating light absorption of the P
electrode and improving light extraction efficiency.

The present disclosure discloses a GaN-based HBLED
with dual reflecting layers, comprising a substrate; an epi-
taxial layer formed on the substrate that comprises a P-type
layer, a light-emitting area and an N-type layer; a current
spreading layer formed on the P-type layer; a P electrode on
the current spreading layer, wherein, a reflecting structure
that comprises an annular reflecting layer and a metal reflect-
ing layer is formed between the P electrode and the epitaxial
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layer, wherein, the geometric center vertically corresponds to
the P electrode; the annular reflecting layer is formed between
the current spreading layer and the P-type layer; the metal
reflecting layer is formed between the current spreading layer
and the P electrode; and preset distance is arranged between
the annular reflecting layer and the metal reflecting layer.

The annular reflecting layer is on part of the P-type layer
and is composed of an annular structure with shape consistent
with that of the P electrode.

The annular width of the annular reflecting layer is 5-50
pm.

The inner diameter of the annular reflecting layer is 30-200
pm.

The outer diameter of the annular reflecting layer is 50-300
pm.
The diameter of the metal reflecting layer is 50-200 pm.

The preset distance between the annular reflecting layer
and the metal reflecting layer is 2-10 pm.

The thickness of the annular reflecting layer is 0.5-5 um.

The annular reflecting layer is a DBR or an ODR (Omni
Directional Reflector).

The annular reflecting layer is made from alternating high
and low reflective index material layers. The high refractive
index layer is selected from TiO, TiO,, Ti;0s, Ti,0;, Ta,Os,
Zr0, or any of their combination. The low reflective index
layer is selected from SiO,, SiN,, A1,O; or any of their com-
bination.

The metal reflecting layer can be Al, Ag or Ni.

The substrate can be sapphire (Al,O;), silicon carbide
(SiC) or silicon water (Si).

The current spreading layer material can be Ni/Au alloy,
NV/ITO alloy, ITO, ZnO or In-mixed ZnO, Al-mixed ZnO,
Ga-mixed ZnO or their combination.

Compared with conventional technologies, the embodi-
ments of the present disclosure may have advantages includ-
ing: (1) an annular reflecting layer and a metal reflecting layer
are added between the LED epitaxial layer and the P elec-
trode, forming a dual reflecting layer structure, which extracts
part of light emitted from the light-emitting layer sideways
through the primary reflection of the annular reflecting layer
and extracts the light that originally to be emitted to the P
electrode upwards through the dual layer reflection of the dual
reflecting layer, thus improving the light extraction efficiency
of the chip; (2) the annular reflecting layer also blocks the
current and eliminates the current accumulation beneath the
chip electrode, thus further improving the chip light-emitting
efficiency; and (3) the sectional area of the annular reflecting
layer is controlled to be consistent with that of the P electrode
based on the chip size and electrode distribution, making
proportion of light (emitted from the light-emitting layer)
extracted upwards and sideways adjustable, thus improving
uniform distribution of light emitted from the chip.

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and constitute a
part of this specification, together with the embodiments, are
therefore to be considered in all respects as illustrative and not
restrictive. In addition, the drawings are merely illustrative,
which are not drawn to scale.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a structural diagram of a conventional LED.

FIG. 2 is a cross sectional view of a GaN-based HBLED
with dual reflecting layers disclosed in Embodiment 1.

FIG. 3 is a top view of a GaN-based HBLED with dual
reflecting layers disclosed in Embodiment 1.
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FIG. 4 is a cross sectional view of a GaN-based HBLED
with dual reflecting layers disclosed in Embodiment 2.

FIG. 5 is a top view of a GaN-based HBLED with dual
reflecting layers disclosed in Embodiment 2.

FIG. 6 is a top view of a GaN-based HBLED with dual
reflecting layers disclosed in Embodiment 3.

In the drawings:

100: substrate; 101: N-type layer; 102: light-emitting area;
103: P-type layer; 104: metal reflecting layer; 105: current
spreading layer; 106: P electrode; 107: N electrode; 200:
substrate; 201: N-type layer; 202: light-emitting area; 203:
P-type layer; 204: annular reflecting layer; 205: current
spreading layer; 206: metal reflecting layer; 207: P electrode;
208: N electrode; 209: P-extension electrode; 210: long-
stripe annular structure.

DETAILED DESCRIPTION

The embodiments of the present disclosure will be
described in detail with reference to the accompanying draw-
ings and examples, to help understand and practice the dis-
closed embodiments, regarding how to solve technical prob-
lems using technical approaches for achieving the technical
effects. In specific device design and manufacture, the LED
structures according to the present disclosure will be adjusted
and changed in terms of structure and dimension to some
extent and the material selection based on specific application
fields and process applications.

The embodiments provide a GaN-based high-brightness
LED with dual reflecting layers, comprising a substrate; an
epitaxial layer, a current spreading layer, a reflecting struc-
ture, a P electrode and an N electrode.

More specifically, the substrate can be sapphire (Al,O;),
silicon carbide (SiC) or silicon wafer (Si). Insulation material
is applied for horizontal LED devices and conductive mate-
rial for vertical LED devices.

The epitaxial layer can be formed on the substrate surface
through epitaxial growth, comprising at least an N-type layer,
a light-emitting layer and a P-type layer from the bottom up,
also comprising a buffer layer and an electron blocking layer.
The material is GaN-based semiconductor layer.

The current spreading layer, formed on the P-type layer,
can be Ni/Au alloy, Ni/ITO alloy, ITO, ZnO or In-mixed ZnO,
Al-mixed ZnO, Ga-mixed ZnO or their combination.

The P electrode is formed on the electrode extension layer
and is used for providing current injection for the light-emit-
ting layer. For horizontal LED device, P-type layer and the
light emitting layer can be partially etched to expose the
N-type layer. The N electrode is formed on the exposed
N-type layer surface. For the vertical LED device, the N
electrode is formed on the back of the conductive substrate.

The reflecting structure is between the P electrode and the
P-type layer and comprises an annular reflecting layer and a
metal reflecting layer. The position and size of the reflective
structure can be determined based on the shape and position
of'the P electrode, the geometric center vertically correspond-
ing to the P electrode center. The annular reflecting layer is
formed between the current spreading layer and the P-type
layer, inside the bottom layer of the current spreading layer or
the top surface layer of the epitaxial layer, comprising at least
one annular structure, the shape may be circular, square,
triangle or regular polygon. The parameters for annular struc-
ture of the annular reflecting layer can be adjusted and
designed based on chip size and specific optical path. In some
embodiments, the annular width of the annular reflecting
layer can be 5-50 um, the inner diameter can be 30-200 pm,
the outer diameter can be 50-300 um and the thickness can be
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0.5-5 um. In some preferred embodiments, the DBR or the
ODR serves as the annular reflecting layer, which also blocks
the current and eliminates the current accumulation beneath
the chip electrode, thus further improving the chip light-
emitting efficiency. A metal reflecting layer is formed on the
current spreading layer and locates between the current
spreading layer and the P electrode, can be inside or on the
current spreading layer, with vertical distance to the annular
reflecting layer of 2-10 pum. The material can be Al, Ag or Ni.

In the following, detailed descriptions will be given in
combination with Embodiments 1-3 with reference to FIGS.
2-6.

Embodiment 1

As shown in FIGS. 2-3, a GaN-based HBLED with dual
reflecting layers, comprising a sapphire substrate 200, an
N-type layer 201, a light-emitting area 202, a P-type layer
203, an annular DBR 204, a current spreading layer 205, a
metal reflecting layer 206, a P electrode 207 and an N elec-
trode 208.

More specifically, the LED structure has a sapphire sub-
strate 200 at the bottom; an N-type layer 201, formed on the
sapphire substrate 200; a light-emitting area 202, formed on
the N-type layer 201; a P-type layer 203, formed on the
light-emitting area 202; an annular DBR 204, formed on the
P-type layer 203; an ITO current spreading layer 205, formed
on the annular DBR 204 and the P-type layer 203 surface; an
Al metal reflecting layer 206, formed on the surface layer of
the ITO current spreading layer 205; a P electrode 207,
formed on the Al metal reflecting layer 206; an N electrode
208, formed on the exposed N-type layer 201; wherein, the
DBR 204 comprises alternating high refractive index TiO,
material and low refractive index SiO, material; inner diam-
eter of the annular DBR 204 is 80 um; outer diameter of the
annular DBR 204 is 130 pum; and diameter of the metal
reflecting layer 206 is 85 pm.

The reflecting structure of the embodiment has the charac-
teristics that: (1) the metal reflecting layer vertically corre-
sponds to the DBR center; (2) inner diameter of the annular
DBR 204 is smaller than the diameter of the metal reflecting
layer 206, and the outer diameter of the annular DBR 204 is
larger than the diameter of the metal reflecting layer 206; and
(3) the diameter of the metal reflecting layer 206 equals to
diameter of the P electrode 207. An annular DBR 204 and an
Al metal reflecting layer 206 are added between the LED
P-type layer 203 and the P electrode 207, forming a dual
reflecting layer structure, as shown in Light 24 path, which
extracts part of light emitted from the light-emitting layer
sidewards through the primary reflection of the annular DBR
204 and extracts the light that originally to be emitted to the P
electrode 207 upwards through the dual layer reflection of the
dual reflecting layer, as shown in Light 25 path, thus improv-
ing the light extraction efficiency of the chip.

A fabrication method fora GaN-based LED of dual reflect-
ing layer structure, comprising:

First step: epitaxially growing a GaN-based light-emitting
epitaxial layer on the sapphire substrate 200, comprising an
N-type layer 201, a light-emitting area 202 and a P-type layer
203;

Second step: forming an annular DBR 204 on the P-type
layer 203 through evaporation;

Third step: forming an ITO current spreading layer 205 on
the annular DBR 204 and the P-type layer 203 surfaces
through evaporation;

Fourth step: forming an Al metal reflecting layer 206 onthe
ITO current spreading layer 205 through sputtering; and
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Fifth step: fabricating a P electrode 207 and an N electrode
208 at right above of the Al metal reflecting layer 206 and the
exposed N-type layer 201 respectively through photomask-
ing and lifting off.

The second step makes the Al metal reflecting layer 206
vertically correspond to the DBR 204 center; and the fifth step
makes the metal reflecting layer locate at the right bottom of
the P electrode 207 and the Al metal reflecting layer 206 equal
to the diameter of P electrode 207.

Embodiment 2

In comparison with Embodiment 1, this embodiment dis-
closes a vertical GaN-based HBLED with dual reflecting
layers. In the present embodiment, Si serves as the substrate
200. The N electrode 208 is formed at the back of the substrate
and constitutes part of a vertical LED device.

Embodiment 3

In comparison with Embodiment 1, the electrode structure
of the GaN-based LED device disclosed in present embodi-
ment also comprises an extension electrode 209 (10 pm
wide). A metal reflecting layer and an annular reflecting layer
can be set at the right bottom of the extension electrode. The
metal reflecting layer can be equal to the extension electrode.
The annular reflecting layer is composed of an annular struc-
ture 204 under the P electrode 207 and a long-stripe annular
structure 210 under the extension electrode 209. The differ-
ence between the annular structure 204 and that disclosed in
Embodiment 1 is that: inner diameter of the annular DBR 204
is 80 pum, equal to the P electrode 207, and the inner diameter
of'the long-stripe annular structure 210 is 10 um, and the outer
diameter is 20 pm.

The invention claimed is:

1. A GaN-based LED, comprising:

a substrate;

an epitaxial layer formed over the substrate and comprising

a P-type layer, a light-emitting area and an N-type layer;

a current spreading layer formed over the P-type layer;

a P electrode over the current spreading layer,

wherein a reflecting structure that comprises an annular

reflecting layer and a metal reflecting layer is formed
between the P electrode and the epitaxial layer, and has
a geometric center vertically corresponding to the P
electrode to allow light emitted toward the P electrode be
reflected by the metal reflecting layer toward a first side
of the annular reflecting layer;

wherein:

the annular reflecting layer is formed between the cur-
rent spreading layer and the P-type layer;

the metal reflecting layer is formed between the current
spreading layer and the P electrode; and

a distance is preset between the annular reflecting layer
and the metal reflecting layer.

2. The GaN-based LED of claim 1, wherein the reflecting
structure is underneath the P electrode, and wherein the light
emitted toward the P electrode travels through an inner open-
ing of the annular reflecting layer and is reflected by the metal
reflecting layer toward the first side of the annular reflection
layer for further reflection toward an outside of the LED.

3. The GaN-based LED of claim 1, wherein the annular
reflecting layer is over a portion of the P-type layer and
comprises an annular structure with a shape consistent with
that of the P electrode to thereby improve light extraction
efficiency.
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4. The GaN-based LED of claim 1, wherein the annular
reflecting layer is a DBR or an ODR, and has a second side
configured to facilitate extraction of light sideways from the
LED with a single reflection.

5. The GaN-based LED of claim 1, wherein the annular
reflecting layer is underneath the metal reflecting layer,
wherein an inner diameter of the annular reflecting layer is
less than or equal to a diameter of the metal reflecting layer,
and an outer diameter of the annular reflecting layer is larger
than the diameter of the metal reflecting layer.

6. The GaN-based LED of claim 1, wherein an annular
width of the annular reflecting layer is 5-50 um.

7. The GaN-based LED of claim 1, wherein an inner diam-
eter of the annular reflecting layer is 30-200 pm.

8. The GaN-based LED of claim 1, wherein an outer diam-
eter of the annular reflecting layer is 50-300 pm.

9. The GaN-based LED of claim 1, wherein a diameter of
the metal reflecting layer is 50-200 pm.

10. The GaN-based LED of claim 1, wherein the preset
distance between the annular reflecting layer and the metal
reflecting layer is 2-10 pm.

11. The GaN-based LED of claim 1, wherein a thickness of
the annular reflecting layer is 0.5-5 um.

12. A system comprising a plurality of GaN-based LEDs,
each LED comprising:

a substrate;

an epitaxial layer formed over the substrate and comprising

aP-type layer, a light-emitting area and an N-type layer;

a current spreading layer formed over the P-type layer;

a P electrode over the current spreading layer,

wherein a reflecting structure that comprises an annular

reflecting layer and a metal reflecting layer is formed
between the P electrode and the epitaxial layer, and has
a geometric center vertically corresponding to the P
electrode to allow light emitted toward the P electrode be
reflected by the metal reflecting layer toward a first side
of the annular reflecting layer;

wherein:

the annular reflecting layer is formed between the cur-
rent spreading layer and the P-type layer;

the metal reflecting layer is formed between the current
spreading layer and the P electrode; and

a distance is preset between the annular reflecting layer
and the metal reflecting layer.

13. The system of claim 12, wherein the reflecting structure
is underneath the P electrode, and wherein the light emitted
toward the P electrode travels through an inner opening of the
annular reflecting layer and is reflected by the metal reflecting
layer toward the first side of the annular reflection layer for
further reflection toward an outside of the LED.

14. The system of claim 12, wherein the annular reflecting
layer is over a portion of the P-type layer and comprises an
annular structure with shape consistent with that of the P
electrode to thereby improve light extraction efficiency.

15. The system of claim 12, wherein the annular reflecting
layer is a DBR or an ODR, and has a second side configured
to facilitate extraction of light sideways from the LED with a
single reflection.

16. The system of claim 12, wherein the annular reflecting
layer is underneath the metal reflecting layer, wherein an
inner diameter of the annular reflecting layer is less than or
equal to a diameter of the metal reflecting layer, and an outer
diameter of the annular reflecting layer is larger than the
diameter of the metal reflecting layer.

17. The system of claim 12, wherein an annular width of
the annular reflecting layer is 5-50 um.
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18. The system of claim 12, wherein an inner diameter of
the annular reflecting layer is 30-200 pm.

19. The system of claim 12, wherein an outer diameter of
the annular reflecting layer is 50-300 pm.

20. The system of claim 12, wherein a diameter of the metal 5
reflecting layer is 50-200 pm.
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